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Abstract
Background Evidence suggests a growing incidence of
revision total hip arthroplasty (THA) including a subset
with large acetabular defects. Revision THA for severe
acetabular bone loss is associated with a relatively high rate
of mechanical failure.
Questions/purposes We questioned whether cementing a
cage to the reconstructed acetabular defect and pelvis
would improve the rate of mechanical failure for patients
with Type 3 defects (Paprosky et al.) with and without
pelvic discontinuity in comparison to historical controls.
Methods We retrospectively collected data on 33 patients
who underwent 35 revision THAs using an acetabular
reconstruction cage cemented to morselized allograft and
either structural allograft or trabecular metal augmentation
for Type 3 defects in the presence (n = 13) and absence
(n = 22) of pelvic discontinuity at a mean followup of
59 months (range, 24–92 months). The primary outcome
was mechanical failure, deﬁned as revision of the acetab-
ular reconstruction for aseptic loosening.
Results Revision surgery for mechanical failure occurred
in four of the 13 patients with pelvic discontinuity and two
of the 22 patients without discontinuity. Radiographic
loosening occurred in one patient with and one patient
without pelvic discontinuity. Seven of the 35 revisions
were subsequently revised for deep infection all in patients
who were immunocompromised.
Conclusions Cementing the cage to the pelvis can offer
an advantage for treating severe acetabular defects. Tra-
becular metal augmentation appears to provide better initial
mechanical stability than a structural allograft, but suc-
cessful allograft reconstruction may restore bone stock.
Level of Evidence Level IV, therapeutic study. See
Guidelines for Authors for a complete description of levels
of evidence.
Introduction
Over the past decade, the ratio of revision to primary hip
arthroplasty has remained relatively constant at 17%, which
is two times that of knee arthroplasty [20]. Because the
indications for total joint arthroplasty are expanding to
include younger patients with higher expected activity and
demands, the number of revision THAs performed in the
United States is projected to double by the year 2026 [21].
Aseptic loosening of the femoral and acetabular compo-
nents remains one of the major indications for revision hip
arthroplasty, representing 20% to 75% of all cases [2,5, 23].
Reconstruction of the acetabulum in the setting of severe
bone loss is one of the most challenging problems in
revision hip arthroplasty. In studies of all acetabular revi-
sions, including those without major bone loss, reported
rates of aseptic loosening range from 1.8% to 3% at
10 years using a cementless acetabular cup with screw
ﬁxation [22, 35]. In contrast, in cases of massive acetabular
bone loss, deﬁned as less than 50% host bone support, rates
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equivalent or shorter period of followup [3, 11, 17, 29, 31],
indicating better methods of reconstruction are needed for
this population.
Paprosky et al. [26] developed a classiﬁcation system for
describing acetabular bone loss based on an assessment of
radiographic parameters and intraoperative ﬁndings. Type
3 defects are the most severe and indicate major destruction
of the acetabular rim and supporting structures resulting in
more than 2 cm of component migration [26]. Type 3A and
3B defects differ in regard to the degree of involvement of
the superior rim of the acetabulum, the teardrop, and the
ischium. Pelvic discontinuity, the most severe type of
acetabular defect, is deﬁned by separation of the superior
pelvis from the ischium inferiorly. The degree of bone loss
in these clinical situations compromises initial acetabular
implant support and diminishes the success of potential
treatment options.
Current strategies for these severe acetabular defects
rely on structural allograft [11, 12, 26, 32] and recon-
struction cages [3, 4, 30] or trabecular metal augmentation
with a cementless hemispheric cup [34, 37]. Cage recon-
struction provides good initial stability, but the inability for
biologic ﬁxation at the cage-bone interface can compro-
mise long-term success [1, 13, 27]. In an effort to improve
both the initial and long-term ﬁxation of cage reconstruc-
tions for Type 3 acetabular defects and cases of pelvic
discontinuity, since August 2001 we have used a technique
in which a grit-blasted titanium cage is cemented to
morselized and/or structural allograft and the pelvis.
The purposes of our investigation were to (1) describe a
novel technique of cage cementation for patients with
severe acetabular defects; (2) compare the survivorship of
the technique to historical controls using mechanical fail-
ure as a primary end point in patients with Type 3 defects
with and without pelvic discontinuity; and (3) analyze
patients who required further revision to determine the
ability of this technique to restore adequate bone stock and
facilitate conversion to a cementless hemispheric cup.
Patients and Methods
We retrospectively collected data on all 58 patients (60
hips) who underwent revision hip arthroplasty with a grit-
blasted titanium cage cemented to morselized and/or
structural allograft and the pelvis at UCSF Medical Center
between 2001 and 2008. Indications for cemented cage
reconstruction in revision THA included segmental bone
loss of the acetabular rim, which precluded stable ﬁxation
of a cementless hemispheric component without structural
augmentation of the rim, or a relatively intact acetabular
rim in association with severe osteopenia, which precluded
stable ﬁxation of a cementless hemispheric cup with
screws. Eleven patients (11 hips) had acetabular bone loss
consistent with Type 2C defects and were excluded from
the analysis. An additional six patients (six hips) who died
before the 2-year followup were also excluded. At the time
of their deaths, they all had well-functioning acetabular
reconstructions. Despite multiple attempts at contact, seven
additional patients were lost to followup less than 2 years
after surgery (range, date of discharge to 6 months). The
remaining 34 patients (36 hips) with at least 2 years of
clinical and radiographic followup (mean, 59 months;
range, 24–92 months) were included in the analysis. No
patients were recalled speciﬁcally for this study; all data
were obtained from charts and radiographs. This study was
approved by the University of California, San Francisco
Institutional Review Board through expedited review.
The cohort included seven men (21%) and 27 women
(79%) with an average age at the time of revision surgery
of 63.3 years (range, 44–86 years). Diagnosis at the time of
index arthroplasty was osteoarthritis in 12 patients, avas-
cular necrosis in eight patients, posttraumatic arthritis in
eight patients, rheumatoid arthritis in three patients, and
developmental dysplasia of the hip in three patients
(Table 1). The average number of procedures performed
before the present acetabular revision was 3.1 (range,
1–20). Diagnosis at the time of cemented cage recon-
struction was as follows: aseptic loosening/mechanical
failure (n = 28), instability (n = 1), reimplant for infec-
tion (n = 4), and periprosthetic fracture (n = 1).
Clinical data were prospectively entered into an
arthroplasty database, which was later reviewed to conduct
this study. We used preoperative radiographs and intraop-
erative ﬁndings as documented by the operative record to
classify the acetabular defects according to the classiﬁca-
tion nomenclature of the American Academy of
Orthopaedic Surgeons (AAOS) Committee on the hip,
Paprosky et al. [22], and Gross et al. [6, 26]. Using the
AAOS classiﬁcation, the acetabular defects were as fol-
lows: Type 1 (n = 14), Type 2 (n = 0), Type 3 (n = 8),
and Type 4 (n = 13). Based on the classiﬁcation of Pap-
rosky et al., there were 14 Type 3A, eight Type 3B, and 13
cases of pelvic discontinuity. According to the classiﬁca-
tion of Gross et al., the following acetabular defects were
seen: Type IV (n = 22) and Type V (n = 13) (Table 1).
Beginning in April 2004, trabecular metal augments
(Zimmer, Warsaw, IN) became available and were used as
an alternative to structural allograft in patients with failed
allografts or in elderly patients in whom restoration or bone
stock for possible future rerevision THA was not consid-
ered an important goal of surgery. Trabecular metal
augments were used in the same manner as structural
allograft with a cemented cage for Type 3 acetabular
defects. Ten patients (10 hips) with trabecular metal
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123augmentation were followed up for a minimum of
10 months (mean, 38 months; range, 10–69 months)
(Table 1). Four patients in this group of 10 had been pre-
viously treated using cemented cage reconstruction that
failed and were revised with trabecular metal augments.
These four patients are thus considered part of the cage
reconstruction group up until failure and thereafter con-
sidered part of the trabecular metal group. Pelvic
discontinuity was present in four and absent in six of the
patients treated with trabecular metal.
All surgery was performed by the senior author (MDR).
We used a posterior approach with extended trochanteric
osteotomy, if necessary, for removal of the femoral com-
ponent and cement. The acetabular component was
removed using extraction devices, preserving as much bone
stock as possible. Cystic areas were aggressively de ´brided.
We then inspected the acetabulum to identify areas of
osteolysis, determine the type of bony defects remaining,
and assess for the presence of pelvic discontinuity. The
acetabular bone bed was reamed with hemispheric reamers
to the intact rim. A trial shell was placed and manually
distracted posterosuperiorly. If displacement of the shell
did not occur, the acetabulum was reconstructed with a
hemispheric porous-coated cup, morselized allograft, and
screw ﬁxation of the shell. If instability of the trial shell
was observed, then superior and posterior segmental
defects that precluded stable ﬁxation of a cementless
hemispheric cup were augmented with structural allograft
or trabecular metal (Fig. 1). Structural allograft was used
from 2001 until 2006, and trabecular metal augments were
used in selected cases after April 2004.
If the segmental defect was augmented with structural
allograft, a fresh-frozen distal femoral allograft was thawed
in warm saline and the articular cartilage removed. The
femoral condyle was contoured to ﬁt the segmental acetab-
ular defects using the remaining superior ilium as a buttress
to prevent proximal migration (Fig. 2A). The allograft was
then impacted into place using a bone tamp and secured to
the pelvis with screws. The inferior portion of the allograft
wasreamedtoprovideahemisphericshape totheacetabular
cavity. A reconstructive cage (Contour; Smith and Nephew,
Memphis, TN) was then shaped to ﬁt the acetabular cavity
Table 1. Pre- and postoperative demographic information
Variable Allograft Trabecular
metal
No PD
(n = 22)
PD
(n = 14)
(n = 10)
Age, mean years (SD) 62.8 (13.7) 64.3 (8.9) 60.3 (15.5)
Female, number (%) 17 (77) 10 (71) 8 (80)
Initial indication, number (%)
Primary OA 7 (32) 6 (43) 1 (14)
Inﬂammatory 2 (9) 1 (7) 2 (29)
DDH 5 (23) 0 (0) 1 (14)
Posttraumatic 6 (27) 1 (7) 1 (14)
AVN 2 (9) 6 (43) 1 (14)
Other/not reported 0 (0) 0 (0) 1 (14)
Current indication, number (%)
Mechanical failure 18 (82) 9 (64) 7 (70)
Instability 2 (9.1) 3 (21) 0
Reimplant 1 (4.5) 2 (14) 2 (20)
Periprosthetic fracture 1 (4.5) 0 (0) 1 (10)
Prior surgeries, number
(range)
3.4 (1–20) 2.7 (1–7) 3.9 (1–6)
Cup size, mean (SD) 57.6 (3.3) 59 (3.1) N/A
Head size, mean, (SD) 29.9 (3.1) 30 (4) N/A
Estimated blood loss,
mean (SD)
1219 (941) 945 (337) 1450 (526)
Operative time, mean (SD) 173 (46) 175 (35) N/A
Length of hospital stay,
mean (SD)
7 (4) 8 (6) 7 (5)
PD = pelvic discontinuity; OA = osteoarthritis; DDH = develop-
mental dysplasia of the hip; AVN = avascular necrosis; N/A = not
available.
Fig. 1A–B (A) A preoperative AP pelvic radiograph demonstrates
acetabular osteolysis of the left hip resulting in a Type 3A segmental
defect. (B) A postoperative radiograph demonstrates cemented cage
reconstruction with superior structural and medial morsellized
allograft.
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123and pelvis (Fig. 2B). Discontinuity was evaluated by
applying pressure to the superior acetabulum or ilium to
observe any motion between the superior acetabulum and
ischium. If discontinuity was present, a relatively large
(greater than 60 mm diameter) cage was selected to effec-
tively stabilize the discontinuity by distraction. The inferior
ﬂange of the cage was placed in a trough, which had been
createdintheischiumusingahigh-speedburrorcurette.The
cage wasthen removed andmorselizedallograftpackedinto
cavitarydefects.Themorselizedallograftconsistedoffresh-
frozen corticocancellous chips of the same size and
mechanical characteristics as typically used in impaction
grafting procedures. One pack of Palacos cement (Zimmer)
was mixedandplaced alongthe back surface ofthecage ina
doughy state (Fig. 2C). The cage was then impacted into
place and excess cement removed. While the cement was
still in a doughy state, one screw was placed through the
dome of the cage into the pelvis and two to three additional
screws were placed through the proximal ﬂanges into the
pelvis. A second pack of cement was then mixed and an
acetabular liner cemented into the cage (Fig. 2D). The liner
was cemented in approximately 40 of abduction and 20 of
anteversion independent of the cage position.
If the segmental defect was augmented with trabecular
metal instead of structural allograft, a trabecular metal
augment (Zimmer) was selected to ﬁt the superior and
posterior segmental defect. The augments are available in
crescent shapes of various sizes to ﬁt against the remaining
interior host bone of the ilium or ‘‘number 7’’ shapes,
which are placed along the outer cortical surface of the
ilium deep to the abductor muscles. The defect was pre-
pared with a reamer or burr to provide a contour similar to
the augment, which could then be impacted into place and
ﬁxed with screws. A reconstructive cage (Contour; Smith
and Nephew) was shaped and the inferior ﬂange placed in a
trough in the ischium. The cage was then removed and
morselized allograft packed into any cavitary defects.
Palacos cement (Zimmer) was mixed and placed along the
back surface of the cage. It was then impacted into place
and excess cement removed. The augment limited use of
screw ﬁxation through the cage. In a typical case, one
screw was placed through the proximal ﬂange of the cage
into the pelvis while the cement was in a doughy state. A
second pack of cement was then mixed and an acetabular
liner cemented into the cage (Fig. 3). Estimated blood loss
for the cases was 1114 cc (SD ± 772 cc), and the average
length of the case was 173 minutes (SD ± 42 minutes).
Postoperatively, patients were mobilized on postopera-
tive Day 1 with posterior hip dislocation precautions and
toe-touch weightbearing using a four-wheel walker. Phys-
iotherapy was initiated on postoperative Day 1 as is
customary for the patients undergoing arthroplasty at our
institution and consisted of a single 30 minutes to hour
daily session focusing on compliance with hip precautions,
safety with out-of-bed mobilization, and gait training. Toe-
touch weightbearing was continued for 6 weeks after sur-
gery and then advanced to 50% weightbearing. Full
weightbearing was permitted 12 weeks after surgery.
Patients were asked to followup in our outpatient clinic at
6 weeks, 3 months, 6 months, and each year after surgery.
WeobtainedanAPradiographofthepelvisandlateralradio-
graph of the involved hip preoperatively and at each fol-
lowupvisit.Weobtainedclinicaldataonallpatientsthrough
review of the arthroplasty database and operative records.
Fig. 2A–D (A) A distal femoral
allograft has been placed into a
superior segmental acetabular
defect. (B) The allograft and host
acetabulum were reamed and a
reconstructive cage (Contour;
Smith and Nephew, Memphis,
TN) the same diameter as the
ﬁnal reamer was used. (C) Pala-
cos cement (Zimmer, Warsaw,
IN) was mixed and placed over
the back surface of the cage
before implantation. (D) Screws
were placed through the cage and
into the host bone, and a
UHMWPE liner was then com-
mented into the cage.
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123Two of us (EH, MDR) independently evaluated all
radiographs. In cases of disagreement, radiographs were
reviewed by both authors together until consensus was
reached. Magniﬁcation of all radiographs was corrected for
by use of the known diameter of the femoral head. We
obtained calibrations and measurements using commer-
cially available diagnostic imaging software (Image J1;
National Institutes of Health, Bethesda, MD). Immediate
postoperative radiographs were compared with radiographs
obtained at the most recent followup for the following: (1)
acetabular cage migration; (2) radiolucencies at the cage-
cement and cement-bone interface; and (3) hardware fail-
ure. Migration of the acetabular cage was measured
relative to Kohler’s line and the interteardrop line on serial
radiographs [10, 16]. We recorded measurements for both
linear (mediolateral, superoinferior) and rotational (com-
paring cage abduction angles) migration. The cage
abduction angle was measured between the lateral opening
of the cage and the horizontal interteardrop reference line.
Acetabular radiolucencies were scored according to DeLee
and Charnley and were considered present if the radiolu-
cent line measured at least 2 mm in width [7].
Radiographic failure was deﬁned as a progressive cir-
cumferential radiolucency greater than 2 mm in three
zones, a 10 change in abduction angle, greater than or
equal to 6 mm of combined linear displacement, or a
broken cement mantle and screws [31, 38]. There is sub-
stantial variability in assessing acetabular loosening using
these methods, with reported kappa for interobserver reli-
ability ranging from 0.49 to 0.63 [19].
Our primary outcome was mechanical failure, deﬁned as
revision of the acetabular reconstruction as a result of
aseptic loosening. Failure resulting from infection and
radiographic evidence of failure not resulting in revision
surgery were considered secondary outcomes. We used
Kaplan-Meier survivorship analysis to compare the failure
rate for patients with and without pelvic discontinuity, and
the log-rank test was used for hypothesis testing [8, 9].
Kaplan-Meier curves were also constructed to analyze
mode of failure for each treatment group. We report the 5-
year rate of mechanical failure derived from the Kaplan-
Meier methods because it is most appropriate for time-to-
event data with variable followup time; however, for the
purposes of comparison with historical controls, the
cumulative failure rate, deﬁned as the percentage of
mechanical failures among the total number of patients, is
reported in the Discussion. There were no missing data.
Results
The cemented cage technique resulted in favorable
mechanical stability for Type 3A and 3B defects without
discontinuity (Table 2). The rate of mechanical failure was
Table 2. Mechanical failure rates for Paprosky Type 3 defects
comparing the current study to historical controls
Lead author Number
of patients
Followup Pelvic
discontinuity
Cumulative
mechanical
failure
Hansen et al.
[current study]
22 6 years No 9%
Bostrum et al.
[4]
31 10 years No 7%
Goodman et al.
[13]
48 5 years No 24%
Berry and
Muller[3]
42 5 years No 12%
Regis et al. [29] 56 12 years No 9%
Gross [14] 33 7 years No 14%
Udomkiat
et al. [36]
64 5 years No 9%
Hansen et al.
[current study]
13 6 years Yes 31%
Goodman
et al. [13]
48 5 years Yes 50%
Paprosky
et al. [25]
16 5 years Yes 31%
Fig. 3A–B (A) An AP radiograph demonstrates failure of a cemented
cage reconstruction as a result of nonunion of a superior structural
allograft for a Type 3B defect. (B) Stable ﬁxation of a revision THA
was achieved by converting the allograft to a trabecular metal
augment with cemented cage.
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123highest (p = 0.13) among patients with pelvic disconti-
nuity with an estimated 5-year survival rate of 57.7% (95%
CI, 22.1%–81.9%) compared with 88.8% (95% CI, 62.1%–
97.1%) for patients without discontinuity (Fig. 4). There
were no mechanical failures reported among patients
treated with trabecular metal in the limited period of fol-
lowup available. For patients without pelvic discontinuity,
the 5-year rate of failure was 25% (95% CI, 11.0%–50.9%)
resulting from infection and 12.5% (95% CI, 1.9%–69.3%)
resulting from radiographic lucency. For patients with
pelvic discontinuity, the 5-year rate of failure was 14.3%
(95% CI, 3.8%–46%) resulting from infection and the only
failure resulting from radiographic lucency occurred at
52 months. All patients with radiographic evidence of
loosening were asymptomatic.
Of the six patients who had a mechanical failure
necessitating further revision surgery, three had incorpo-
rated enough structural bone allograft to allow placement
of a hemispheric cup. There were no secondary mechanical
failures of this cohort of patients at short-term followup.
The most frequent complication was prosthetic joint
infection involving the reconstruction cage, which occurred
in six patients (seven hips). Among these patients, risk
factors for infection included splenectomy (n = 2), end-
stage renal disease (n = 1), malignancy (n = 1), rheuma-
toid arthritis on steroids (n = 1), chronic viral hepatitis
(n = 1), smoking (n = 3), obesity (n = 1), and a history of
stagedtreatmentforprostheticjointinfection(n = 1).Three
patients were treated successfully with two-stage exchange
arthroplasty, two were converted to a total femoral bipolar
prosthesis after antibiotic spacer, and one required hip
disarticulation for persistent infection. Postoperative dislo-
cation occurred in ﬁve patients (ﬁve hips [11%]) after
cemented cage reconstruction. Four of the patients received
28-mm femoral heads, whereas one received a 32-mm head.
Instability was the primary indication for the revision
arthroplastyintwoofthesepatients.Thesedislocationswere
managed with closed reduction in two patients (mean,
5 weeks postoperatively), whereas the other three patients
underwent revision acetabular surgery (mean, 33 weeks
postoperatively) and had no further episodes of instability.
Additionally, there were three perioperative deaths that
occurred after acetabular reconstruction.
Discussion
Revision arthroplasty in the setting of severe acetabular
bone loss or pelvic discontinuity is one of the most chal-
lenging clinical situations for the adult reconstruction
surgeon. Although initial research performed by Gill et al.
using acetabular cages with segmental allografts reported
greater than 95% radiographic evidence of full incorpora-
tion and greater than 90% good or excellent subjective
clinical outcomes, multiple other studies have demon-
strated high rates of mechanical failure, which may be
related to the inability for long-term biologic ﬁxation at the
implant-graft interface [12, 13, 36]. We believe that
because the cage is typically attached to the pelvis and
bone graft with screws, and then a liner is cemented into
the cage, very little cement likely penetrates through the
screw holes of the cage. However, the surface of the cage is
not porous-coated or designed for cementless ﬁxation. The
lack of a cement bond at the interface between the bone
and cage may contribute to mechanical failure of the
reconstruction. Our technique of extensively cementing the
cage to the allograft or trabecular metal and pelvis was
intended to provide a mechanically stable interface
between the cage and pelvic bone. We therefore (1) de-
scribed this technique of cage cementation for patients with
severe acetabular defects; (2) compared the survivorship of
the technique to historical controls using mechanical fail-
ure as a primary end point in patients with Type 3 defects
with and without pelvic discontinuity; and (3) analyzed
patients who required further revision to determine the
Fig. 4 Kaplan-Meier survival curves for mechanical failure for
patients with 3A/3B defects (A) and pelvic discontinuity (B).
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123ability of this technique to restore adequate bone stock and
facilitate conversion to a cementless hemispheric cup.
Our study is associated with several notable limitations.
First, the absence of a control group makes it difﬁcult to
draw conclusions regarding the impact of the novel
cementation technique relative to other surgeon and
patient-related factors that may affect outcome. Although
there are published data that serve as a historical control, it
is not possible to adjust for confounding between studies.
Second, data were collected retrospectively by the authors
from electronic medical records, which may be incorrect,
incomplete, or subject to biased interpretation. We aimed
to minimize the impact of such bias by using a ﬁrm primary
end point: revision arthroplasty. However, using this out-
come does introduce the element of surgeon choice, which
may not be consistent across studies. Third, although this is
among the larger series of patients with these severe ace-
tabular defects, the conﬁdence intervals remain wide as a
result of the small sample size. Lastly, the minimum fol-
lowup of 2 years does not allow accurate assessment of the
long-term efﬁcacy of the technique, particularly in the
small subgroup of patients treated with trabecular metal
that had a shorter followup.
For Type 3 acetabular defects, it appears our technique
of cementing the cage to the allograft or trabecular metal
and pelvis has resulted in a lower rate of mechanical failure
compared with historical controls. Multiple authors [14, 27,
36] have cited high rates of long term failure using struc-
tural allografts and reconstruction cages for Type 3
acetabular defects, which may be the result of the inability
for biologic ﬁxation and ultimate fatigue failure of the
screws or ﬂanges of the cages over time. At an average
followup of 7 years, Gross et al. demonstrated 76% sur-
vivorship of reconstruction cages when structural graft
supported greater than 50% of the implant [14]. Similarly,
in another series of 62 patients (64 hips), the overall 6.7-
year survivorship using revision of the acetabular rein-
forcement device as the end point was 77.4% [36].
Although Regis et al. in the series with the longest fol-
lowup to date reported only a 9% (ﬁve of 56) rate of aseptic
loosening at 11.7 years followup [29], unacceptable rates
of failure as high as 64% have been reported using this
technique for Type IIIB defects by Paprosky himself [27].
The inherent lack of bony stability in the setting of pelvic
discontinuity results in an even higher incidence of early
component loosening and clinical failure than the Type 3
defects. Goodman et al. analyzed 10 cases of pelvic dis-
continuity treated with ilioischial cage and structural
allograft,inwhich eightpatientshadcomplicationsandonly
50% had successful outcome, deﬁned as no additional ace-
tabular revision surgery and a stable reconstruction with
incorporation of bone graft without fracture or resorption
[13]. Similarly, Bostrum et al. noted a 50% rate of
mechanicallooseningat2-to5-yearfollowupwhentheydid
a subanalysis of their cases with pelvic discontinuity [4]. Of
our 13 patients with pelvic discontinuity, 31% (four of 13)
had mechanical failure for which they had further revision,
which occurred at a mean of 5 years after the initial surgery.
Although it is difﬁcult to make comparisons between series
because of the small numbers, the modest improvement in
survivorship with mechanical failure as an end point seen
with our cemented cage technique may be attributable to the
additional stiffness/rigidity imparted to our construct.
However, our failure rate for pelvic discontinuity remained
high, leading us to the use of trabecular metal augmentation
in an effort to achieve more durable reconstruction.
Because progressive bone loss is encountered at each
subsequent revision arthroplasty, restoration of bone stock
is one of the important goals of revision arthroplasty. In our
series, more than half of those patients considered clinical
failures (60% [three of ﬁve]) had in fact incorporated their
prior structural bone graft by the time of the second revi-
sion operation. This allowed for revision surgery using a
large hemispheric porous-coated cup. Goodman et al. noted
that in a number of their ‘‘failed’’ cases, the bone graft and
reconstruction ring were left in situ and thus may be con-
sidered ‘‘somewhat successful’’ [13]. Similarly, Gross et al.
reported six hips in six patients that required revision for
cup loosening all had intact and united allografts [15].
Therefore, in these complex cases, it is reasonable to
consider the revision surgery as the ﬁrst of two steps with
restoration of bone stock as more important than the length
of implant survival [28].
The unique structural and biomechanical properties of
porous tantalum has attracted clinical and research interest
for addressing severe acetabular bone loss and pelvic dis-
continuity. In 10 patients at a mean followup of 3 years
using this technique no patient had mechanical failure,
which is similar to that reported elsewhere in the literature.
Using porous tantalum acetabular components for Type 3A
defects, Sporer and Paprosky reported 100% survivorship
as deﬁned by revision surgery for mechanical loosening of
28 hips at 3.1 years followup [34]. At a similar followup
(2.8 years), Weeden et al. reported an overall success rate
of 98% for Type 3A/B defects and no failures resulting
from mechanical loosening [37]. In a series published out
of the Mayo Clinic, including 16 patients at 32-month
mean followup, there was no evidence of migration or
loosening of their modular acetabular constructs [24]. In
the setting of pelvic discontinuity, a series by Sporer and
Paprosky demonstrated 12 of 13 hips were radiographically
stable with only one being possibly loose at a mean fol-
lowup of 2.6 years [33]. The most recent publication on the
use of a trabecular metal cage construct with the largest
series (26 hips) and longest followup (46 months) reported
a 12% mechanical failure rate [18].
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123In summary, our analysis of a novel cemented cage
reconstruction technique for Type 3 acetabular defects
demonstrated a moderately lower rate of revision resulting
from mechanical failure than prior studies. Among patients
with pelvic discontinuity, the survival rate for mechanical
failure of the cemented cage reconstruction was slightly
more favorable than other published series using segmental
allograft and cage constructs, but we consider our failure
rate of 31% unacceptably high. In these cases, trabecular
metal augments used in conjunction with hemispheric cups
and cages may hold greater promise for improved implant
survivorship. However, because porous tantalum constructs
do not restore bone stock, for younger patients in whom
further revision surgeries are expected, a technique of
cementing the cage to structural allograft may be a more
appropriate option.
Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which per-
mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.
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